Complexity is a term that is used throughout the construction industry. When complexity is poorly understood and managed, project failure become the norm. However, there are limited number of studies which investigated best practices which could overcome the undesired outcomes of complexity challenges. This research focused on identifying strategies to manage complexity in order to increase the likelihood of project success. Initially, this paper reviewed different project complexity definitions and suggested a single definition. Furthermore, the differences between complexity, uncertainty and risk were explained. Moreover, complexity management strategies were collected and enhanced. For this purpose, two rounds of qualitative Delphi method were applied to identify and improve complexity management best practices. In the first round, Subject Matter Experts were asked to individually provide top complexity management strategies. In the second round of this study, the twelve experts were participated in a complexity management workshop to advance the identified strategies.
Introduction
Complexity is a term applied to projects throughout the construction industry. However, most references to low or high complexity are often made by intuition and at times represent a relative assessment of complexity by comparison to other types of projects within the organization's previous experience or industry sector. There is no single or standard definition for project complexity that can be applied to a variety of projects. Furthermore, there is no consistent depiction or agreed upon understanding of project complexity. One fact persists that complex projects always present additional management challenges to achieving project objectives.
In order to identify the management strategies which can overcome project complexity challenges, complexity indicators should be defined. For this purpose, this study utilizes the Construction Industry Institute research [1] results on identifying and measuring project complexity. This paper aims to identify strategies to mitigate and manage the negative influence of the identified indicators of complexity.
Background
Project complexity is a term which has been defined differently in various studies. In general, the authors came across more than thirty definitions of complexity in construction and other industries. In this section ten definitions of complexity described by different researchers will be presented. The selected ten complexity definitions are based on similar definitions in different studies.
The first complexity definition was found in several dictionaries. Dictionaries describe complexity as something consisting of many varied interrelated parts. Perrow [2] explains that the complexity of a task is the degree of difficulty and the amount of thinking time and knowledge required to perform the task. However, Gidado [3] believes that project complexity is the measure of the difficulty of implementing a planned workflow in relation to the project objectives. Baccarini [4] defines project complexity as something that consists of many varied but interrelated parts and can be operationalized in terms of differentiation and interdependency. Complexity is also described as a property of a model, which makes it difficult to formulate its overall behavior [5] . Sbragia [6] believes the number of elements in the project, intensity of interactions between elements, and difficulty of cooperation between the functional areas determine the complexity level of the project. The complexity is also defined as the degree of manifoldness, interrelatedness, and consequential impact of a decision field [7] . Hass [8] clarifies that complexity is characterized by a complicated or involved arrangement of many inter-connected elements that it is hard to understand or deal. Vidal [9] defines project complexity as a property of a project, which makes it difficult to understand, foresee, and keep under control the project's overall behavior. Finally, Remington [10] believes that a complex project demonstrates a number of characteristics to a degree, or level of severity, that makes it difficult to predict project outcomes or manage projects.
Based on the literature and discussions with experienced industry experts, the authors defined project complexity as the following: "Project complexity is the degree of interrelatedness between project attributes and interfaces, and their consequential impact on predictability and functionality." This is the definition which is used to identify project complexity indicators and management strategies which reduce the undesired outcomes often related to project complexity.
Complexity, Uncertainty and Risk
There is a wide misunderstanding between complexity, uncertainty and risk terms. It is intended to differentiate complexity from uncertainty and risk in order to identify and detect the right management strategies which could potentially overcome project complexity issues.
One of the concerns in the literature is that while significant research can be found regarding project complexity, project risks, and project uncertainty, a clear link between these concepts has not been established yet. While the authors have come to the conclusion that concepts of risk and uncertainty do not have influence on the project complexity, most of the scholars have different point of view. Some studies consider uncertainty as one of the most important attributes of complexity [11] . Also, in some other studies, it is believed that the purpose of project complexity research is to reduce the risk of the project.
Uncertainty is defined as a state of having limited knowledge about future outcomes. The unknown outcome could have positive or negative effect on the project. On the other side, risk is a state of uncertainty where some possible outcomes have an undesired effect or significant financial loss. Risk is often related to the possibility of future negative effects that can be quantified and measured. However, uncertainty is related to the outcomes, regardless of their positive or negative effect, that cannot be measured [12] .
Complexity can be a source of risks as well as a source of opportunities. The purpose is to properly manage project complexity in order to avoid the negative aspects of it and at the same time take the opportunities that complexity can create.
A key difference between complexity and risk has to do with the "knowns" and "unknowns" of the project. Project risk management attempts to quantify and measure the unknown events, or the known events with uncertain outcomes or timing of occurrence that may impact project results. On the other hand, project complexity focuses on the known characteristics of a project and how these characteristics interrelate.
Both complexity and risk evolve over the life cycle of a project, but a key difference is how this evolution takes place. Complexity evolves as more "knowns" develop throughout the various project phases. The "knowns" may include logistics requirements, legal considerations, governance structures, partnerships, and scope definition. Note that these complexity components are not risks to the project but are elements of the project, that when identified, can and must be effectively managed for success. Alternatively, complex elements can, and often do, create project risks based on the level of uncertainty that is also a part of some project complexity attributes. The degree of complexity within a project can increase the overall risk profile strategy (a need to address unknowns), but the impact of risk on complexity is based on implementation of a risk mitigation strategy (increasing the "knowns"). Since risk is often associated with project complexity, a tool tailored to measure and manage complexity will help the project team manage and mitigate project risks.
Research Objectives
This paper aims to identify and collect key project management strategies which could potentially be implemented to manage project complexity and reduce and/or eliminate undesired project outcomes. To achieve this purpose, this study: • Reviews and summarizes existing CII management strategies publications which could overcome potential project complexity issues; and • Develops key industry-based project management strategies which could help contractors, owners, and consultants to overcome project complexity challenges.
Research Methodology
The Delphi method is a qualitative and interactive research technique to collect the opinion and/or judgement of panel of expert on a specific topic. Experts in these methods are selected based on their area and level of expertise and are asked to participate in two or more rounds of a structured survey [13, 14] . The method can be applied to problems where precise analytical techniques cannot be utilized; but, the problem could benefit from the brainstorming and judgement of individuals on a collective basis [15] . The Delphi method is well suited as a research method when there is insufficient knowledge about a certain problem or phenomenon [15, 16] .
There is significant variations in the Delphi studies previously conducted. For example, the requirements for expert qualification, the appropriate methods for data collection, analysis and transmission of controlled and anonymous feedback, sufficient number of rounds of surveys to complete the process, and appropriate measures of consensus are inconsistent among publications [17] .
The authors decided that for the purpose of this study, two rounds of the Delphi method is required. Moreover, the authors believed that the results of this study could be substantially enhanced if SMEs provide their input individually in the first round and collectively in the second round when identifying key complexity management strategies.
Data Collection and Analysis
Construction Industry Institute "Measuring Project Complexity and Its Impact" project [1] performed comprehensive research in identifying and exploring construction complexity indicators. In this research, 101 variables belong to 11 categories which could potentially affect project complexity level were statistically tested. Responses which were received from 44 projects with 14 responses for low complexity projects and 30 responses for high complexity projects, clarified that 37 of the indicators were statistically significant in differentiating between low and high complex projects.
If the 37 complexity indicators are not managed properly and effectively, project performance and outcomes could be impacted negatively. CII complexity research [1] revealed that these indicators not only could indirectly impact the performance of the project during the design, procurement and construction phase but the quality of endproduct during the operation phase could also suffer significantly. Therefore, this paper aims to collect and address the management strategies which could manage the complexity indicators and overcome the potential undesired outcomes.
To achieve the purpose of this study, the authors invited twelve industry SME volunteers to provide their input and develop management strategies for the statistically significant complexity indicators. The experts who showed interest in this study and agreed to participate had many years of experience in higher level managerial positions in both US domestic and international projects. These professionals held over 250 years of cumulative experience and consisted of twelve experts from a mix of owner, consulting and contractor companies. These SMEs had managed complex projects all over the world and were very familiar with the management strategies which could overcome undesired outcomes due to project complexity.
Based on extensive literature review and consulting with industry experts, it was decided that two rounds of Delphi method would provide comprehensive list of useful complexity management strategies. The authors believed that in the first round of the Delphi study experts should provide their input based on their own experience indivually. However, in the second round of the study, it was planned to arrange a complexity management workshop to allow experts to discuss and enhance the results. This process enabled the professionals to revise their management strategies based on the first round analysis feedback and face-to-face group discussions and brainstorming. Figure 1 illustrates the research approach in identifying complexity management strategies. 
Delphi Questionnaire: Round I
Initially, the twelve SMEs were asked to review the 37 complexity indicators that were found to be statistically significant. It should be noted that six of these experts were involved in the process of identifying project complexity indicators which was performed through interview, survey and statistical analysis. The purpose of inviting experts who were involved in the earlier stages of this study and also including other SMEs who were unfamiliar with the process of identifying complexity indicators, was to have the opportunity of benefiting from different points of view in the collection of complexity management strategies.
In the first round, each SME was asked to identify the key management strategies for each of complexity indicators. According to their schedule, three-week time frame was considered sufficient to provide their management strategies input. Two reminder emails were sent during this time period to make sure that all the inputs would be collected at the end of the three-week time period. They were asked to send their final complexity management strategies to the authors through email.
When the complexity management strategies were identified and collected, the authors reviewed the existing CII publications which could be useful in the refinement process of the collected management strategies. The CII publications relevant to each selected strategy were identified to provide SMEs more information during the second round of the Delphi study.
Delphi Questionnaire: Round II
For the second round of the Delphi study, SMEs were invited to participate in a six-hour complexity management strategy workshop. At the beginning of this workshop, the list of identified complexity management strategies through the first round of this research process were presented to the SMEs. After the experts reviewed the strategies, 45 minutes were given to SMEs to select and refine the key management strategies. Then, these experts discussed each selected strategy to make sure it is applicable to the related complexity indicator. In this part of the workshop which took around four hours, each of twelve SMEs expressed their own views and discussed the reason behind selecting top management strategies. Moreover, the list of related CII publications provided useful input in refining the top management strategies. In most cases the SMEs could come to an agreement on top strategies for each complexity indicator. However, the experts believed that top four management strategies are equally important and significant in managing some of the complexity indicators and they did not agree to reduce them further. In these cases, top four management strategies are presented and discussed where applicable in this paper.
At the end of the workshop, final results were collected and refined. Table 1 summarizes the top management strategies for each complexity indicator which were identified based on two rounds of Delphi study.
Table1. Complexity Management Strategies.

# Complexity Indicator (CI)
Complexity Management Strategy 
Conclusion
Beyond just assessing and measuring which indicators are contributing to complexity at various stages in the project lifecycle, it is important to identify and implement appropriate management strategies to keep the project within budget and schedule constraints. For each complexity indicator, the top management strategy was identified to help direct a project team to enforce the appropriate action. Depending on the availability of resources at the project team's disposal, one or more management strategies may be implemented. After a project team has selected one or more management strategies to implement, it is recommended to incorporate them into their project execution plan.
Contribution
This study has contributed to the existing body of knowledge in managing complex construction projects. Prior to this study, there were limited empirical data available on how to manage complex projects. These research findings and conclusions obtained from the Delphi study provided substantial contribution to the body of knowledge by identifying industry practices and strategies which help in managing complex projects.
